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Introduction
Chronic kidney disease (CKD) is a major public health problem in developed and developing countries alike, leading to decreased quality of life across the globe. It is a well-known fact that patients of CKD are at increased risk for mortality as well as morbidity due to the myriad complications associated with this disease entity. Bone disorders, mineral abnormalities, and vascular calcification in individuals with moderate to advanced CKD secondary to a progressive deficiency of active vitamin D and worsening secondary hyperparathyroidism contribute largely to the morbidity and mortality in patients with renal failure [1] .
Vitamin D is synthesised in the skin or ingested in the diet and is transported to the liver, where it is hydroxylated in the 25 position to yield 25 hydroxy vitamin D, which is the major circulating and storage form of vitamin D and hence is considered as the most reliable index of vitamin D level in the body. 25 hydroxy vitamin D is further hydroxylated by the enzyme 1α hydroxylase in the kidney to yield 1,25-dihydroxy vitamin D, which is the major endocrine and active form of vitamin D. This metabolite is responsible for the effects of vitamin D on calcium and phosphorus metabolism, bone health, and the regulation of parathyroid gland function [2, 3] . All patients with CKD are considered to have deficiency of 25 hydroxy vitamin D and 1,25 dihydroxy vitamin D deficiency when levels fall below 20 ng/ml and 22 pg/ml, respectively [4] . Although decrease in renal 1α hydroxylase activity due to decreased renal mass and reduced availability of substrate 25 hydroxy vitamin D appears to be the principal reason behind the decreased levels of 1,25 dihydroxy vitamin D, there are other causes like hyperuricaemia, uraemia, and metabolic acidosis, which further depresses 1α hydroxylase activity [5] . Recently discovered fibroblast growth factor (FGF23) inhibits 1α hydroxylase activity and decreases the synthesis of 1,25 dihydroxy vitamin D, which plays an important role in the metabolism of vitamin D especially in patients of CKD [6] .
Several studies have documented that early decline in glomerular filtration rate (GFR) leads to a decrease in vitamin D levels and hyperparathyroidism, even before there are changes in calcium and phosphorus metabolism. In most patients levels of 1,25 dihydroxy vitamin D start declining to a lower limit of normal in stage 2 of CKD, and by the time patients progress from stage 3 to stage 5 most of them have low levels of 1,25 dihydroxy vitamin D. Recent studies of 25 hydroxy vitamin D deficiencies in end stage renal disease (ESRD) have demonstrated that 86% of predialysis patients have a deficiency when defined by levels less than 20 ng/ml [7] .
The effect of vitamin D deficiency on inflammation and on the cardiovascular system plays an important role in mortality and morbidity in CKD patients.
The prolonged deficiency of 1,25 dihydroxy vitamin D together with parathyroid abnormality leads to renal osteodystrophy (ROD) and chronic kidney disease-mineral bone disorder (CKD-MBD), which can be manifested by any one or combination of the following: (1) abnormalities of calcium, phosphorous, PTH, and vitamin D metabolism, leading to increase in secondary hyperparathyroidism. (2) Bone disease. (3) Vascular or soft tissue calcification [8, 9] .
Vitamin D deficiency in CKD has been studied since this condition was first described in ESRD patients. Despite its significant contribution to morbidity in CKD patients, clinicians in India tend to repetitively ignore this entity and the discomfort that its complications cause to the patients, focussing more their treatment protocol towards managing other more severe and life threatening complications of CKD. No significant contribution has been made in the prevalence or management of vitamin D deficiency in Indian literature. Our hospital, a tertiary centre catering to the needs of the entire state of Haryana, provides a significant platform to study the prevalence of vitamin D deficiency.
Aim
We planned this study to assess the spectrum, prevalence, and factors leading to vitamin D deficiency in patients of CKD, and correlated it with severity of renal dysfunction
Material and methods
This study was conducted on 100 adult pre-dialysis patients of CKD stage III-V as per NKF-DOQI classification, on regular follow-up of kidney and dialysis at the clinic at Pt. B.D. Sharma PGIMS, Rohtak, with ages ranging between 18 and 75 years. Pre-informed, written consent for enrolment in the study was obtained. The study was duly approved by the Ethical Committee of Pt. B. D. Sharma University of Health Sciences, Rohtak. Patients on dialysis and those receiving medication known to influence vitamin D, such as vitamin D-containing drugs, corticosteroids, other immune suppressive agents, hormone replacement therapy, anticoagulants, lithium, phosphate binders, and anticonvulsants, were excluded. Patients with prior parathyroidectomy were also excluded. Patients with any condition that precluded them from remaining in the study, such as alcohol, drug abuse, malignancy, psychiatric illness, and pregnancy, were also excluded. Each patient was subjected to detailed general physical examination, and the following relevant renal and other biochemical investigations were carried out.
Routine renal and other biochemical investigations including blood urea (mg/dl), serum creatinine (mg/dl), serum corrected calcium levels (mg/dl), serum phosphorous levels (mg/dl), calcium phosphate product, serum protein (g/dl), intact parathyroid hormone (iPTH) levels (pg/ml), serum sodium (meq/l), serum potassium (meq/l), blood sugar, 24-hour urine proteinuria, 25 hydroxy vitamin D, and 1,25 dihydroxy vitamin D were carried out as per the standard methods used in the Department of Biochemistry, PGIMS, Rohtak. Estimated GFR was calculated using the four-variable MDRD equation. The patients were divided into three groups A, B, and C on the basis of severity of kidney disease. Each group consists of age-and sex-matched patients from CKD stage III, IV, and V, respectively. Group A consisted of 30 patients with eGFR between 30-49 ml/min (stage III), group B consisted of 33 patients with eGFR between 15-29 ml/ min, and group C had 37 patients with eGFR less than 15 ml/min. Intact PTH was measured by chemiluminescent immunoassay (CLIA) method. 25 hydroxy vitamin D levels were measured using enzyme linked immunosorbent assay (ELISA). The patients with levels of 25 hydroxy vitamin D less than 20 ng/ml were considered deficient. 1,25 dihydroxy vitamin D was measured using radioimmunoassay (RIA). Deficiency of 1,25 dihydroxy vitamin D was defined as levels less than 22 pg/ml [4] . Corrected serum calcium was calculated using the equation 0.8 × (4-serum albumin) + observed calcium.
Statistical analysis
At the end of the study, the data was expressed as mean ± 1 SD or range. Probability values of < 0.05 were considered to be significant in all the analysis. The statistical analyses were performed using Kruskal-Wallis one way analysis of variance (ANOVA), c 2 test, and unpaired t test. The correlations were tested using Spearman's Rank order correlation analysis. All statistical calculations were carried out using SPSS 20.0 software.
Results
Of a total of 100 patients, 59 were male and 41 were female. The most common cause of CKD was diabetes mellitus (30%) followed by hypertension (26%) and chronic glomerulonephritis (20%). Less frequent aetiologies included adult polycystic kidney disease, obstructive uropathy, and renal amyloidosis. The mean serum phosphate increased steadily as CKD progressed, with statistical difference among three groups. On the other hand, mean corrected serum calcium decreased progressively in group A, B, and C. The mean serum iPTH levels increased as the stage of CKD progressed. The mean serum iPTH values in group A, B, and C were 156.36 ±106.50, 262.93 ±114.80 and 350.16 ±117.51 pg/ml, respectively, and there was a statistically significant increase in mean iPTH level from group A to group C (p < 0.05). The mean level of 25 hydroxy vitamin D showed a trend of declination from group A to C ( Table 1 ). The mean 25 hydroxy vitamin D level in group A was 28.14 ±12.82 ng/ml, 27.97 ±16.57 ng/ml in group B, and 19.64 ±11.88 ng/ml in group C. Comparison of levels of 25 hydroxy vitamin D between group A vs. C and B vs. C showed that the decline in levels was statistically significant (p < 0.01). Although the decline in levels of 25 hydroxy vitamin D between group A vs. B was not statistically significant, the mean value of 25 hydroxy vitamin D decreased between the two groups ( Table 2) . The mean level of 1,25 dihydroxy vitamin D also showed a trend of declination from group A to C. The Table 3 ). The prevalence of both 25 hydroxy vitamin D as well as 1,25 dihydroxy vitamin D increased with advancement of renal disease. The total number of patients with deficient 25 hydroxy vitamin D levels (< 20 ng/ml) increased from 8 in group A to 18 in group B and 21 in group C. The prevalence of deficiency of 25 hydroxy vitamin D was 27% in group A, 54% in group B, and 57% in group C. When we compared the above three groups by using c 2 analysis, the results were found to be statistically significant (p < 0.01). The total number of patients with deficient 1,25 dihydroxy vitamin D levels (< 22 ng/ml) increased from 18 in group A to 30 in group B and 35 in group C. The prevalence of deficiency of 1,25 dihydroxy vitamin D was 60% in group A, 90% in group B, and 95% in group C. On comparison, using c 2 analysis, the results were found to be statistically significant (p < 0.01) (Figure 1 ).
In correlation analysis there was statistically significant association between eGFR, corrected serum calcium, iPTH, and serum phosphate level. The corrected serum calcium was positively correlated with the eGFR while iPTH and phosphate were negatively correlated.
Both 25 hydroxy vitamin D and 1,25 dihydroxy vitamin D were positively correlated with eGFR (Figure 2) . On further analysis, when the association of iPTH and proteinuria with 25 hydroxy vitamin D and 1,25 dihydroxy vitamin D was studied, statistically significant negative correlation was observed (Figure 3) .
Discussion
Vitamin D deficiency is considered to be a systemic disorder that is associated with abnormal regulation of calcium, phosphorous, and PTH. This leads to abnormalities in bone metabolism and increased risk of cardiovascular disease, which are an important cause of morbidity and mortality in CKD patients. Because the early initiation of appropriate therapy in CKD patients may ameliorate vitamin D abnormalities and complications associated with it, early detection and understanding the pathophysiological process underlying this abnormality is important.
Vitamin D is a major steroid hormone that is important for regulation of bone and mineral metabolism. Vitamin D controls intestinal absorption of dietary calcium, tubular absorption of calcium by the kidneys, and in conjugation with PTH mobilises calcium from the skeleton. Vitamin D is either synthesised in the skin or ingested in the diet and is transported to the liver, where it is hydroxylated at position 25 to yield 25 hydroxy vitamin D (calcidiol), which is the major storage form of vitamin D. It is further hydroxylated by 1α hydroxylase in the kidney to its most active form 1,25 dihydroxy vitamin D (calcitriol) [10] . Bearing in mind these facts this study was planned to evaluate the vitamin D status in 100 predialysis CKD patients: 30, 33, and 37 each from CKD stage III, IV, and V, respectively, were divided into three groups A, B, C, respectively. The three groups were similar in baseline characteristics, including age, sex, ethnicity, geographical area, religion, economic status, and education level.
The present study demonstrated that mean 25 hydroxy vitamin D levels decreased significantly as the CKD progressed from stage III to stage V. Although the mean levels of 25 hydroxy vitamin D decreased across group A-C, the decline was not statistically significant. Nonetheless, on subgroup analysis the decline in 25 hydroxy vitamin D when compared between group A vs. C and B vs. C was found to be statistically significant (p < 0.01). The active metabolite 1,25 dihydroxy vitamin D showed a similar pattern with its levels decreasing as CKD progressed from stage III to stage V. There was a statistically significant decline in 1,25 dihydroxy vitamin D levels between the three groups (p < 0.01). These findings indicate that deficiency of both 25 hydroxy vitamin D and 1,25 dihydroxy vitamin D, although beginning early in CKD, is related to the severity of kidney function, and majority of patients with advanced CKD have reduced levels with subsequent increased risk of cardiovascular disease and CKD-MBD. The study also showed that in group A and group B, which included patients of CKD stage 3 and 4 CKD, respectively, even though mean values of 25 hydroxy vitamin D were in sufficient range the mean values of 1,25 hydroxy vitamin D were in deficient range, and these decreased further as the stage of CKD progressed, highlighting the fact that decreased conversion of 25 hydroxy vitamin D to 1,25 dihydroxy vitamin D commences as early as stage 3 of CKD. The mean serum iPTH values in group A, B, and C were 156.36 ±106.50 pg/ ml, 262.93 ±114.80 pg/ml, and 350.16 ±117.51 pg/ml, respectively. The mean serum PTH levels increased from group A to group C, and the rise between three groups was statistically significant (p < 0.01).
Kidney is the principle site for enzyme 1α hydroxylase, which converts 25 hydroxy vitamin D to 1,25 dihydroxy vitamin D and thus maintains its levels. There seem to be three important mechanisms for decreased activity of this enzyme in CKD: decreased renal mass, which reduces the enzyme; decreased availability of substrate 25 hydroxy vitamin D, which is due to its decreased uptake in the proximal tubular cells by receptor megalin-mediated endocytosis; and increased level of FGF 23, which inhibits the enzyme 1α hydroxylase. The activity of 1α hydroxylase is also suppressed by a constellation of problems like hyperuricaemia and metabolic acidosis and uraemia commonly seen in advanced CKD [11] [12] [13] .
Most of the studies done previously have been in concordance with reduced vitamin D levels in CKD patients. Stavroulopoulos et al. conducted a study in 112 predialysis patients. The mean 25 hydroxy vitamin D levels for all of the participants were 21.2 ng/ml, with 80% of patients having vitamin D levels below 20 ng/ml. They concluded that 25 hydroxy vitamin D levels were positively correlated with the GFR and advancement of renal failure [14] . In another study by -Zendher et al. the association between CKD 3 and 5 and alteration in 25 hydroxy and 1,25 dihydroxy vitamin D concentration in 249 CKD patients was assessed, and it was concluded that levels of 1,25 di- hydroxy were found to be low even among patients of stage 3 when compared with low 25 dihydroxy levels, and these decreased further with advancing stage of CKD [15] . We observed that prevalence both 25 hydroxy vitamin D as well as 1,25 dihydroxy vitamin D levels increased with the progression of CKD. As severity ofCKD increased, the total number of patients with 25 hydroxy vitamin D deficiency (levels < 20 ng/ml) increased from 8 in stage III to 21 in stage V. The prevalence of 25 hydroxy vitamin D deficiency increased from 27% in group A to 54% in group B and 57% in group C. With increasing severity of CKD the total number of patients with 1,25 hydroxy vitamin D deficiency (levels < 22 pg/ml) increased from 18 in stage III to 35 in stage V. The prevalence of 1,25 hydroxy vitamin D deficiency increased from 60% in group A to 95% in group C. These findings suggest that the search for vitamin D deficient patients should be commenced early in CKD so that timely therapeutic intervention when initiated can reduce associated morbidity and mortality. The findings of our study corroborated with previous studies. Satiarapoj et al. examined the relationship between vitamin D status and the staging of CKD in 2895 CKD patients [16] . Serum levels of 25-hydroxy vitamin D were analysed according to CKD stages, and vitamin D deficiency was defined as serum 25-hydroxy vitamin D concentrations less than 20 ng/ml. The prevalence of 25 hydroxy vitamin D deficiency in CKD stage 3a, 3b, and 4 to 5 was 66.6%, 70.9%, 74.6%, and 84.7%, respectively (p < 0.001). The study demonstrated that 25 hydroxy vitamin D insufficiency and deficiency are more common and associated with the level of kidney function [16] . In another study, which was done on 1814 patients of CKD, low levels of 1,25 dihydroxy vitamin D were evident at all eGFR rates: 13% in those with eGFR greater than 80 ml/min, which increased to > 60% in those with eGFR less than 30 ml/min [17] .
We performed a correlation analysis to assess the relationship between eGFR, 25 hydroxy vitamin D, and 1,25 dihydroxy vitamin D. The association between loss of renal function measured by eGFR and 25 hydroxy vitamin D levels was assessed by using Spearman's Rank Order correlation test. There was a strong positive correlation which was statistically significant (p < 0.05). Similarly, a positive correlation was observed between eGFR and 1,25 dihydroxy vitamin D levels (p < 0.05).
In order to determine the factors contributing to the reduced 25 hydroxy vitamin D and 1,25 dihydroxy vitamin D levels we performed a correlation analysis. The 25 hydroxy vitamin D and 1,25 dihydroxy vitamin D levels were negatively correlated with iPTH, which was statistically significant (p < 0.01). The results were in concordance with those seen by Pitts et al., who showed that in patients with moderate renal failure (GFR, 20-40 ml/min) the mean ionised calcium level was normal, plasma PTH levels and fractional excretion of phosphate (FEP) were elevated with decrement in 1,25 dihydroxy vitamin D [5] . The results were also in agreement with the study done by Jabbar et al., who observed that vitamin D deficiency in 80%, and insufficiency in 13% of patients with CKD iPTH >300 pg/ml (p = 0.04) [18] . Secondary hyperparathyroidism in patients with chronic renal failure results from hypocalcaemia, phosphate retention, and deficiency of 1,25-dihydroxy vitamin D. Vitamin D binds to its vitamin D receptor (VDR) on the parathyroid gland and suppresses its production. It is the low circulating vitamin D levels in CKD that contribute to low VDR expression in uremic parathyroid gland, which causes increased levels of PTH both due to increased parathyroid cell number and increased PTH synthesis [19, 20] .
In another correlation analysis a negative correlation of 25 hydroxy vitamin D and 1,25 dihydroxy vitamin D levels were seen with the amount of proteinuria per day. These results were similar to these seen by Isakova, who undertook a study to assess the association between albuminuria and alteration in 25 hydroxy and 1,25 dihydroxy vitamin D concentration in 1847 CKD patients. The study concluded that albuminuria is independently associated with low 25 hydroxy vitamin D and 1,25 dihydroxy vitamin D [21] .
Although seen in many previous studies, the present study showed no correlation between factors like age, sex, presence of diabetes, or hypertension and low levels of 25 hydroxy and 1,25 dihydroxy vitamin D.
Conclusions
Vitamin D deficiency leads to complications like SHPT, CKD-MBD, increased risk of vascular calcification, and CVD in CKD, especially in its advanced stage (ESRD). As most of these complications are preventable, early detection and adequate treatment of this entity must be a priority among physicians and nephrologists alike, who deal with patients of CKD on a day-to-day basis. The management of vitamin D deficiency in CKD patients differs from the general population as the disease is complicated by factors like anaemia, acidosis, hyperuricaemia, increased level of FGF 23, SHPT, and proteinuria, which affect vitamin D levels. Hence, it is imperative that every treating physician has in-depth knowledge regarding this disease process.
The present study concluded that vitamin D deficiency is seen early in the course of CKD, as estimated by levels of 25 hydroxy and 1,25 dihydroxy vitamin D. Its prevalence increases and severity worsens with the progression of CKD. The levels of vitamin D were negatively correlated to factors like parathyroid hormone levels and proteinuria. In early stages of CKD, like stages 3 and 4, even when 25 hydroxy vitamin D was replete, the biological active form 1,25 dihydroxy vitamin D started to decline.
In developing countries like India, where monetary constraints are common, useful information on vitamin D status can be obtained by using simple, outpatient-based, non-invasive methods, such as CLIA and RIA, in predialysis patients of CKD, giving a vital opportunity to act and intervene, so that associated complications like CKD-MBD and CVD can be reduced.
